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Int. J. Mod. Phys. A 30, 1530022 (2015)
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LHCb Detector Upgrade

LHCb Integrated Recorded Luminosity in pp, 2010-2018 By the end of Run | many
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| HCb Detector Upgrade
New Upstream // New Scintillating Removal %
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HCAL

ECAL

M4 M3 \

M3

M2
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Tracker

This talk

New optics and
MaPMTs
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The VELO Upgrade

Full 40 MHz readout,
Luminosity 5x Higher.

Change from Silicon
Microstrips to Rybrid Pixel
Detector.

L.HCDb simulation
Long Tracks

Data Bandwidth of 20 Gbit/s
for central ASICS.

—e— Current VELO E
—e— Upgrade VELO .

— Relative population of b- —:
hadron daughter tracks -

Microchannel COZ2 cooling,
sensor temperature <-20°C

0 1 > 3
lp. [GeVc]
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VELO Upgrade

Expected fluence in
the most irradiated
regions up to
1.5x1014 TMeV neq/

cmz2 per fpo-

Exponent

Radiation flux follows
r-2-3 shape.

Proximity to interaction
region: 5.1mm

Total Integrated .
L u m i n OS i ty : 5 O fb'1 ! " O n L LHCb Sl:)l;latlon Vs =14 Te\;OO

z [mm]
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VELO Upgrade Module Module PRR to happen

soon. Validation of DAQ,
Cooling, Mechanics.

4 Sensors per module
52 modules

Silicon Sensors

CO-> Connector RF Foil

~43 mm

~14 mm

Silicon Substrate

Develop procedure and tests

Data Connection ~ Hybrid for production environment.
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VELO Upgrade Module  co. connector

~43 mm

~14 mm

Silicon pChannel Substrate

Silicon Sensors g

Data Connection

Kapton Hybrids
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Mechanics

Uptladed VELO
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VELO Hood N produchon
RF Foil separates the LHC beam
from the VELO secondary Vacuum.

New RF Foll, thinned down to
250um.
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More details on my Poster!

u-Channel Cooling

Silicon substrate built with micro
channels that will carry CO: for
evaporative cooling.

DRIE etching of channels

Si - Si direct bonding
Thinning

Plasma etching of fluidic inlets

Metalization for soldering connectors

System designed to cool a load
of up to 30W from each module.
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DAQ

. .
+ Vacuum :
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0
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DAQ

VeloPix hybrids being tested with LHCb =
Upgrade Readout boards. T L
e = : - CredIiDt é)ard ?Lféri __t 5 _ | —
£ : -L 401),— VTRXx [

e T ‘LY I
oo,

LIE ) Sy |y

R e (N

Firmware integrated pre-existing

software, most necessary
orocedures already in place.
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VeloPix

Data driven, binary readout,
25 Nns timestamping.

Design based on the Timepix3
ASIC.

65k pixels/ASIC
95um X 55um pixels
Triggerless readout

Optimised for high speed

readout.

Peak Rate: 800 Mhits/s/ASIC
Max ASIC Bandwidth: 20.48 Gb/s
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-20) 0 20 40
X |mm]

Data rate [Gbit/s| for hottest module.

SEU Tolerance built in.

Radiation Hard up to
400 MRad
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eloPix Hybrid

File Equalisation_ASIC_0/maskFileF.dat loaded.

0 32 64 96 128 160 192 224

Equalisation provides uniform ASIC

operation.

openPIXEL X . .
e View Help Radioactive source measurements
Min Value Max Value 0 32 64 96 128 160 192 224 : :
vo[Cu : ° allow double check of single pixel
000 - + |b.1 o - + g p
Pixel info Stats 32 32
e e response.
0.000 RMS:0.000
Colors Saturated:75 64 64
jet v openPIXEL X
Min Value Max Value
0
128 128 e L auto H
0.0 0 -+ ‘115( 0 - +
. 32
f
160 160 Pixel info Stats
[0,63] AVR:736.745
673.000 RMS:247.994
: Saturated:0 64
192 192 Colors
jet
Histogram %
224 224
128
- T
0.00 0.03 0.05 0.08 0.10

160

192

224

0.00 375.00 750.00 1125.00 1500.00

File Strontium90_ASIC_0_Runl/accumulatedPictureAlpha.dat loaded.
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Charge Collection

. . F— 10000: ' ' ' ' l ' ' ' ' l ]

Max Operathna‘ BlaS = 9000:_ ¥ §22. HPK - JSI 8 x 10"° I MeV n, /em’ -

: - - . S6 - HPK - JSI 8 x 10" 1 MeV n, /em’ — -

VOH:age' 1000\/ : 8000:— Sl7-lll’K-.ISl8x10”lMcV;i/cm’ // =

S 5 §27(150) - Micron - JSI 8 x 10'° 1 MeV n, Jem’ //-—/" -

Minimum COHeCte d = 7000F $29(150) - Micron - JSI 8 x 10"° 1 MeV n, /cm’ =

W = =

charge per MIP: 6000e- 3 R 77 T T T e

S s000F / ;

The sensors must be RS a :

able to operate under [EEEETS b VELO -

these conditions up to [ESEEY A3 d Preliminary 3

8x10"> 1MeV neggem-2 1000E- N S
0 500 1000

Bias Voltage [V]
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Efficien

£ 0.05[ I 3 ™ -
Che 2 Efficiency studieo
= , = - - -
0.04 E i using Timepix3
0.03] - Telescope in SPS.
0.02f -
0.01 > |
, 5 Pixel corner
o AR BUEL R LA BLEL LR LA
% 002 004 0 002 0.04 ol FMOp A I
X (mm) X (mm) L] S S — 1 @
: : 0.96 |- . = (_T;
Using 39 um p-type implants. e ebvero | 3
o Preliminary 1 T
. T 2 | S17: HPK, 39um implant, 8x10" n : T
Pixel corner efficiency >99% @ 1000V e . -1
after VELO lifetime fluence. B TN bttt I«
400 500 600 700 800

Voltage (V)
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What about Sensor HV Tolerance?

~ 002 ! ! I ! | T T T T [ T T T T I T T T LI (\,1—1 120 B T T T T T T T T T T T T T T T T T T T
<§.0 018 - ADVACAM Ground through Pad = o - ¢ ADVACAM Ground through Pad -
E'O 016 L = ADVACAM Ground through ASIC backside (Chuck On)E § 100~ = ADVACAM Ground through ASIC backsid:,.“““:-
: ' I EmEn
ot r 4 ADVACAM Ground through ASIC backside (Chuck Offg N .-"“ ]
50.014 . 3%, sof = -4
00012 :_ .....;".ﬂ'..'...!.:'!!e!':.lzll‘? = - ....l . ..ooooo
n o o - | o® —
0.01F ’.E.":"!..’ — 60 ! -..l....oo -
Maybe we can ground the E I :
:ll- = | -.- °® i
0.006 - — - et .
sensor through the ASIC! ] W :
0.002F S O R S T
0 50 100 150 20( 0 50 100 150 200
Bias Voltage [V] Bias Voltage [V]

Thanks to Michael Moll, for the use of probe setup.
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Probe Card Jig

Probe Card

How to test each sensor/ Vacuum Chuck
ASIC for bump bond quality Flat Support Disk
betore mounting them to Probe Station Vacuum Chuck
modules 7

19

40um precision
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Bell Jar Jig

e IV in Vacuum, Ground through ASIC backside

o'IIIIlII‘I III|IIII|IIII|IIII|IIII|IIII|IIII|IIII

! I ! ! ! I ! ! ! I ! ! ! I !
200 400 600 800
Bias Voltage [V]

Spring loaded probe needles keep W Dowels stop needles before end of
small pressure on sensors. spring compression.
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Summary

Microchannel cooling Is the cooling solution to be used by the
VELO Upgrade.

DAQ structure for the VeloPix control and readout are now in place.

VELO Module Production should start June-Jduly.

Bump Bonding of Sensors to VeloPix ASICS currently on pre-
oroduction.

First data taking after LS2 in 2021
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Backup
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LHCb Detector Upgrade

~ LHCb trigger | By the end of Run Il many
= analysis become statistically
25— B mm -
‘g A OV o [Imited.
o 2 Y Vo i
> A ; Increasing Luminosity in order
5 15| " v ' to achieve 50fb-1 in Run [ll.
= 4x1032 cm-2s-1% 2x1033cm-2s-
- : . Upgrade Trigger implementea
| j2u -~ on software only.
Obebsssbtiio el Readout: 1 MHz » 40 MHz

1 1.5 2 2.5 3 3.5 4 4.5 5
Luminosity (x10%)
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OFF-DETECTOR
2 X FRONT-END HYBRIDS <1m 1 X OPTO & POWER BOARD ELECTRONICS
«— >
, (remote)
|
|
6 data links |
|
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: — |
= _2xSCA_|< 4 x DC/DC - :
.§ __9—>| Interlock }" : - Interlock
I |
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N < 128 double columns (14.08 mm) >
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g
1 RCT

e Check the flatness of the surface
using the white light
interferometer.

J—U Set height display X
0 Height Area display [ View range

[] set automatically in all areas

Upper limit
D.0152] mm

Center
0.000 -2+ mm

O] Center color around
reference surface (height 0)

Width
0.030 % mm

Lower limit
-0.015

4

mm

Auto setting

Area settings...

Range of height values
Max. : 1.300mm
Min. :  -4.001mm

OK Cancel

Color palette

Current palette

Overall height
variation of 30
um over the
whole surface.
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Star

Flux

Small samples

o NG

Large samples

#1

\

Sep 2017

Fluidic connector

Solder foll
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Metallization on the
silicon substrate

More details on my Poster!
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Charge Collection and Depletion Depth

Determined using Grazing

Angle Technique. R
i l“* | entry point
DUT clusters associated mosimum

with a track if within a 10 ns |GG Non Iradiated sensors
window. s | # | $e :
Correction for Timewalk | : ; E
effect is applied using _ OE o
charge collection time of _ R 12 ooy
tracks passing wisning of T mmmmme S
20um of implants e T HPK
% 80 100 150 200 250 % 20 40 60 80 100 120 140 160 180 200

Bias [V] Depth [um]
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Charge Collection and Depletion Depth

Neutron Uniformly Irradiated to Full Fluence

€250 | | I | | | | l | | | | | | l | | | | | '0.)— 4 >_l T I | Pl b I | L I b | L | o I |
E | = f -
:g_ - —e— 817, HPK, 200 um 1 B i 250V :
©, [ —e— 522 HPK, 200 um 1885 -
% 200 B e 8§23, Micron n-on-p, 200 um | e - -500V .
.g - S29, Micron n-on-n, 150 um - 8 : |
2 - o 3 - .750V .
150} 1 & [ :
) | O o0 ®® %%, * 1000V -
5 e §

i ) 2520 " %0, "o,
) h i .'o e )
100 — = ¢ ®e -
B ._. L LN @ ® ® - N
2 — ¢ o o ¢ ® —
B h . © ® ® -
- . o = " ® o -
50 : l/ ; : . ¢ @ ®eo ®e o )
- " 1.5 —
- : : HPK -
0 I | | 1 | | 1 | l | | 1 l | 1 | l | | | | | hl [ l | - I | - - l | _—— | l Ll I | - 1 | | Ll | | l | - T
200 400 600 800 1000 b 20 40 60 80 100 120 140 160 180 200

Bias [V] Depth [um]
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Cluster Sizes Distributions
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